Cyclic and pseudopregnant rats were treated with ergocornine hydrogenmaleate (1 mg), to evaluate the use of induced luteolysis as a method for synchronizing mating. Pseudopregnancy in non-treated rats was found to decrease the degree of mating synchronization, prolong gestation and decrease the number of young born per pregnant female. Ergocornine treatment of both cyclic and pseudopregnant rats decreased pregnancy rate. Ergocornine treatment of pseudopregnant rats also increased the degree of synchronization in mating, decreased the length of gestation and increased the number of young and placental scars per pregnant female. It had little effect on these end-points when given to cyclic rats. Length of gestation was negatively correlated (P<.001) with number of young, live young and placental scars (r=-.53, -.58 and -.47, respectively; n=96).
INTRODUCTION
The discovery that prostaglandin F2c~ is luteolytic in a number of species, (Blatchley and Donovan, 1969; Louis et al., 1973; McCracken et al., 1970; Pharriss et al., 1972; Pharriss and Wyngarden, 1969; Thorburn and Nicol, 1971) has stimulated interest in the use 1 We would like to thank Dr. R. L. Elton, Sandoz Pharmaceuticals, Hanover, NJ, for the generous gift of ergocornine hydrogenmaleate used in this study. We are also indebted to Dr. L. E. Casida of luteolysis as a method for synchronizing estrus in mammals (Inskeep, 1973; Lauderdale et al., 1974; Shaar et al., 1975; Smalstig et al., 1971; Tervit et al., 1973) . The following is a study using the rat as a model to evaluate induced luteolysis as a method for synchronizing estrus in mammals in general and in the rat specifically (Smalstig et al., 1971) . The luteolytic agent used was ergocornine hydrogenmaleate, one of the group of ergot derivatives known to be luteolytic in the rat (Kraicer and Shelesnyak, 1965a,b; Lindner and Shelesnyak, 1967; Lobel et al., 1966; Shelesnyak, 1957) .
MATERIALS AND METHODS
Mature virgin female Sprague-Dawley rats weighing 196 to 312 g served as the experimental subjects in these studies. The vasectomized and intact males that were used were mature Long-Evans rats of proven fertility. All animals were maintained on Purina Laboratory Chow and tap water ad libitum at a room temperature of 23 to 25 C and on a light schedule of 14 hr light and 10 hr dark. Vaginal smears, which were only used to determine the time for inducing pseudopregnancy and for detecting day of mating, were taken in the morning by lavage with distilled water and read unstained and fresh. The injections were all given subcutaneously in a volume of .1 ml of 70% ethanol. Once fertile males were placed with the females, they were left with the females for 20 days, or until all of the females in the cage were mated. Each female was placed individually in a "nesting cage" when sperm were found in her vaginal smear, or when she was found to be pregnant, as indicated by the "placental sign", body size or palpation. The number and condition of the young were recorded at birth and they were immediately removed from the female. One day after delivery the mothers were 768 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 4 (1977) sacrificed, and the number of placental scars and contents of the uteri were noted. Females that did not deliver were sacrificed and autopsied similarly 27 days after finding sperm in their vaginal smears, or 27 days after removing the intact males from their mating cage, depending on which occurred first.
These studies were performed in three separate trials over a period of approximately 1 year. Each trial utilized four groups of unselected females of approximately equal size. An attempt was made to render all of the animals in Groups 1 and 2 pseudopregnant while the animals in Groups 3 and 4 were left cyclic. Induction of pseudopregnancy was attempted in Trials A and C by stimulating the uterine cervices of the animals with a glass rod on the morning and afternoon of the day (or days) of vaginal cornification and, in Trial B, by caging the females with vasectomized males (one male per cage of two females). In each trial, the day that the first animal in Groups 1 and/or 2 was stimulated with the glass rod or mated by a vasectomized male (as evidenced by a vaginal plug) was considered Day 1 of the experiment. On Day 7 attempts to induce pseudopregnancy were stopped. On the morning of Day 8, all animals in Groups 1 and 3 received 1 mg of ergocornine hydrogenmaleate while half of the animals in each of Groups 2 and 4 received only vehicle (70% ethanol). In Trial A fertile males were placed with the females (twl males to a cage of four females) on the afternoon of Day 8 and the females were smeared for vaginal sperm daily through Day 28, or until mated. In Trials B and C fertile males were placed with the females (one male to a cage of two females) on the afternoon of Day 9 and the females were smeared for vaginal sperm daily until mated, or through Day 29 if mating did not occur.
One animal each in Group 1, Trial A; Group 1, Trial B; and Group 2, Trial B was discarded because of either an infection in one oviduct or a mammary tumor. Pseudopregnancy was usually induced by stimulating the animals in Groups 1 and 2 of Trial A and C for just 1 day (the day of a fully cornified vaginal smear), however, animals having a second day of full cornification of the vaginal smear were stimulated additionally on the morning and afternoon of the second day (one and four cases in Groups 1 and 2 of Trial C, respectively).
Sperm and/or vaginal plugs were never found in 12 females that became pregnant. Since the exact date of mating was not established for these females, an estimated time of mating was calculated by subtracting 21 days from the date of parturition. These data were used in estimating the degree of mating synchronization achieved, but were not used for the analyses concerning duration of gestation.
The data from the vehicle-injected cyclic and pseudopregnant rats did not differ from that of the non-injected cyclic and pseudopregnant control rats, respectively, so they were pooled within reproductive state. Evaluation of the degree of synchronization in mating was made by comparing groups, within trial for their variances of interval from day of treatment to mating. This comparison utilized a Bartlett's test for homogeneity of variance (Steel and Torrie, 1960) , after removing observations determined to be outlying values when considering the data pooled over trial (Daniel, 1959) . Comparisons between groups for number of females giving birth to young (pregnancy rate) were made by a chi-square analysis (Steel and Torrie, 1960) . The data used for the analyses of gestation length, number of young born, number of young born alive, and number of placental scars per pregnant female were averages for mating cages. These averages were based only on the number of females in each cage giving birth to young or, in the case of gestation length, on the number giving birth to young and in which the day of mating was detected. This was done since the cage was used as the mating unit. This minimizes the effect of cage and/or male on the end-points studied. The cage averages were compared using an analysis of variance with a 3 • 2 • 2 factorial arrangement of treatments (Steel and Torrie, 1960) . Since there were no significant first-or second-order interactions of trial with the other two factors (reproductive state and treatment), these interactions were pooled with the error term and only the main effects and treatment by reproductive state interaction were considered. Correlation coefficients between length of gestation and number of young, live young and placental scars were also determined over all groups (Steel and Torrie, 1960) .
RESULTS
A number of the cyclic and pseudopregnant females treated with ergocornine hydrogenmaleate were covered with urine and were bitten extensively as determined on the morning after treatment during the first trial. Posi- 
Figure 1, Effects of reproductive state and ergocornine treatment on the distribution of the times of mating in rats. GROUP 1 = rats induced to become pseudopregnant then injected with 1 mg ergocornine hydrogenmaleate; GROUP 2 = rats induced to become pseudopregnant; GROUP 3 = cyclic rats injected with 1 nag ergocomine hydrogenmaleate; GROUP 4 = cyclic rats; T-A = day when fertile males were placed into cages with the females in Trial A; T-B&C = day when fertile males were placed into cages with the females in Trials B and C. tive sperm smears were obtained at this' time from the fur of many of the pseudopregnant rats treated with ergocornine. These animals were not considered mated, however, since sperm were not found in any of the vaginal smears from this group. These observations led to delaying by 1 day the time of placing males with the females in Trials B and C.
The distribution of the times of mating in the groups on the various treatment regimens is presented in figure 1. All animals except for one female in Group 2, Trial C, mated within the 20 days of exposure to the fertile males. The data clearly indicate that two mating date values in Group 1 and two values in Group 4 were grossly outside the distribution of the other values observed in these groups, respectively. These four observations were matings that occurred 18 days after the day of treatment, in Trials B and C in Group 1, and Trials A and C in Group 4. These same four values also were found to be outliers by using half normal plots of the residuals of the groups pooled over trial (Daniel, 1959) .
The variances of the interval from day of treatment to day of mating for each of the treatment groups within trial, after removal of the four outlying values, appear in table 1. These group variances differed from one another in all three trials (P<.005). It is obvious that the extremely small variance in Group 1, compared to that of the other three groups, was the major contributor to the difference found between groups, in each case. Comparing the Group 1 variance to the next smallest variance using variance ratios bore this out. The Group 1 variance was always significantly smaller. This demonstrates that treatment of pseudopregnant rats with ergocornine hydrogenmaleate synchronized mating, even to a greater degree than the use of cyclic non-treated animals. Figure 1 and the data in table 1 also suggest that the induction of pseudopregnancy in nontreated rats increased the spread in times of mating, although the increase was not significant.
The number of animals from each group and trial that became pregnant (pregnancy rate) appears in table 2 along with the chi-square analysis. Ergocornine treatment reduced pregnancy rate (P<.001). The highly significant interaction of trial with treatment + reproductive state was caused by the extremely low pregnancy rate in the cyclic rats treated with ergocornine hydrogenmaleate in Trial A. The animals that mated during the first 2 days after ergocornine treatment accounted for over half of the pregnancy failures that occurred in this group. Since the males were placed with the females 1 day later in Trials B and C, the rate of pregnancy failure was much less in these trials.
The average duration of gestation, number of young, number of young born alive and number of placental scars per pregnant female in the different groups appear in table 3, and the analyses of variance are presented in table 4. The significant effect of trial on gestation length was caused by the animals in all groups having a longer gestation in Trial B than in the other two trials.
Induction of pseudopregnancy in rats prior to mating caused a lengthening of gestation and reduced the average number of young, live young and placental scars per pregnant female. (Steel and Torrie, 1960) . The pseudopregnant control rats (Group 2) seemed to suffer from dystocia. Two females from this group died in the process of giving birth to their litters while none of the females in the other groups died. In addition, 15 females from the pseudopregnant control group had gestation periods of 23 to 25 days, whereas none of the other groups had more than four animals with gestations of this duration. Ergocornine hydrogenmaleate treatment of both cyclic and pseudopregnant rats reduced length of gestation but its effect was greater in the pseudopregnant animals. This is shown by the treatment by reproductive state interaction (P<.05) in gestation length in addition to the main treatment effect (P<.01). Ergocornine treatment of pseudopregnant rats offset the effects of pseudopregnancy on all of the litter size measurements; they were all increased to values similar to that of cyclic controls. In the cyclic animal, however, ergocornine had an opposite but smaller effect on the measurements of litter size.
There was an overall relationship between length of gestation and all measurements of litter size in this study (P<.001). Gestation length was correlated negatively with number of young, live young and placental scars (r=-.53, -.58 and -.47, respectively ; n=96) .
Discussion
The condition of the ergocornine-treated females in Trial A (particularly the pseudopregnant ones) suggests that the ergocornine treatment had some effect on the females during the first day after treatment to cause the males to attempt to mate with them in spite of their not bchi-squares with 1 degree of freedom are corrected for continuity.
being truly in estrus. This may have been a behavioral or some other centrally controlled neural effect. The extremely small variance in interval from day of treatment to mating exhibited in all three trials by Group 1, compared to the other three groups, demonstrates that a high degree of mating synchronization can be achieved in rats by induction of pseudopregnancy followed by treatment with ergocornine hydrogenmaleate. This was predictable from previous findings that ergocornine methanesulphonate or ergocornine ethanesulphonate would induce estrus and ovulation within 2 to 3 days in the rat that was pseudopregnant or in the first 7 days of pregnancy (Shelesnyak, 1957; Kraicer and Shelesnyak, 1965a,b; Kisch and Shelesnyak, 1968) .
The high percentage of pregnancy failure found in the groups of animals treated with ergocornine hydrogenmaleate (Groups 1 and 3) was rather disappointing but would seem to fit well with the reports that ergocornine methanesulphonate was capable of suppressing the ovulatory surge of LH in the rat (Wuttke et al., 1971) and of causing some inhibition of ovulation for up to 40 hr post-treatment (Kraicer and Strauss, 1970) . The majority of barren females in the present study were among the cyclic-ergocornine-treated rats that bred within 2 days (48 hr) after ergocornine treatment. The deleterious effect of ergocornine hydrogenmaleate on reproductive performance seemed to be mostly one of causing complete pregnancy failure, not of reducing litter size in those animals that had litters. The data of Yokoyama et al. (1972) suggest a similar effect of ergocornine, even though they were interpreted differently.
The surprising finding of this study was the reduction in litter size and the lengthening of gestation caused by inducing the rats to undergo a pseudopregnancy just prior to mating. To our knowledge this has never been previously reported. The increase in duration of gestation caused by inducing pseudopregnancy just prior to caging the females with the fertile males may have been partially due to this procedure reducing litter size. Certainly the fact that length of gestation was negatively correlated with all measurements of litter size in the present study and in a number of reports on several species in the literature (Clegg, 1959; Biggers et al., 1963; McLaren and Michie, 1963) would support this possibility. The present data suggest that the reduced litter size in the pseudopregnant control rats was at least pai--tially a manifestation of post-implantation fetal death, since there was a greater effect of reproductive state on average number of live young than on average number of placental scars. This does not rule out a possible partial effect on ovulation rate. It is probable that there are a number of factors responsible for the effects of pseudopregnancy on litter size and that many of these are similar to the factors causing reduced fertility after synchronization of estrus with progestins (Baker et al., 1954; Hansel, 1967; Robinson, 1967) and after post-partum intervals that are too short (Casida et al., 1968) . Unexpectedly, ergocornine treatment of the rats that had been induced to become pseudopregnant completely offset the effects of pseudopregnancy on both length of gestation and litter size. These two end-points may not be independent and the shortening of gestation length may have been a reflection of the increase in litter size. The reason for ergocornine offsetting the effects of pseudopregnancy is difficult to explain.
It would appear that, in the rat, mating can be synchronized to a high degree by the induction of pseudopregnancy followed by treatment with ergocornine hydrogenmaleate. Unfortunately, the ergocornine, treatment seems to increase the rate of pregnancy failure in the rat to such an extent that it nullifies much of the advantage that might accrue from the synchronization in mating. This may be caused by ergocornine inhibiting LH release and ovulation (Kraicer and Strauss, 1970; Wuttke et al., 1971) , two things that were unknown to the authors at the time the study was begun. The usefulness of ergocornine hydrogenmaleate at the dosage used in these experiments, therefore, would appear to be limited in the rat.
The various ergot derivatives appear to cause luteolysis in the rat by a different mode of action than prostaglandin F2a (Pharriss et al., 1972) and other possible luteolytic agents (Mason et al., 1969; Tinsley et al., 1970) , since they appear to act by inhibiting prolactin secretion (Nagasawa and Meites, 1970; Wuttke et al., 1971) , the luteotropin in rats (Nalbandov, 1973) . Since the requirements for luteal maintenance differs in different species (Anderson et al., 1969; Nalbandov, 1973) , it is not surprising that ergot derivatives appear to be ineffective in bringing about luteolysis in sheep (Niswender, 1974) . This, however, does not invalidate the conclusions that can be drawn concerning induced luteolysis as a means of estrous synchronization from the present study. The results of the present study suggest that the chemical-induction of luteolysis does hold promise as a method for synchronizing estrus in domestic animals. The study of Smalstig et al. (1971) indicates that the pseudopregnant rat is probably an acceptable model for evaluating the process of induction of luteolysis as a means of synchronizing estrus in domestic species. The level of fertility found in this study in the ergocornine-treated pseudopregnant rats compared to their pseudopregnant controls, although slightly reduced, is reasonably high if one considers the reproductive performance expected in domestic animals mated at first synchronized estrus when progestins are used (Baker et al., 1954; Hansel, 1967; Robinson, 1967) .
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